for cytochrome c release and apoptosis following NGF withdrawal.
Results

Characterization of Recombinant Adenoviruses
Expressing Dominant-Negative c-Jun, MEKK1, or BCL-2 To identify the c-Jun/AP-1-dependent step in the neuronal cell death pathway and to screen for potential targets of c-Jun transactivation that are required for neuronal apoptosis, we constructed recombinant adenoviruses that express dominant-negative c-Jun (FLAG⌬169) or a constitutively active form of MEK kinase 1 (MEKK1), an upstream activator of the JNK/c-Jun pathway (Olson et al., 1995; Eilers et al., 1998) . As controls, BCL-2-and ␤-galactosidase-expressing adenoviruses were also prepared. Expression of the recombinant proteins was driven by the cytomegalovirus (CMV) promoter. To verify that the proteins encoded by the adenoviruses were expressed in infected sympathetic neurons, the cells were fixed 24 hr after infection and stained with antibodies specific for each protein and with Hoechst dye to visualize nuclear morphology. Figure 1A shows the structure of the recombinant proteins and typical immunofluorescence pictures of neurons infected at a multiplicity of infection (MOI) of 100. c-Jun is a nuclear protein, and FLAG⌬169 was located exclusively in the nucleus. BCL-2 was distributed throughout the cell but excluded from the nuclear space. MEKK1 and ␤-galactosidase were seen throughout the cell. The graph in Figure 1B phology was visualized by staining with Hoechst dye.
The number of infected neurons with pyknotic nuclei this end, sympathetic neurons were infected in vitro with recombinant adenoviruses expressing dominantwas scored. Figure 2A shows the average result of six negative c-Jun, ␤-galactosidase, or BCL-2 at an MOI of experiments. When the cells were infected with a 100. The cells were withdrawn from NGF for 24 hr and ␤-galactosidase-expressing adenovirus, ‫%35ف‬ of the then fixed and stained with a monoclonal antibody nuclei were pyknotic at 24 hr after NGF withdrawal. This against cytochrome c plus polyclonal antibodies speis similar to the number of pyknotic nuclei seen in unincific for the recombinant proteins and with Hoechst dye fected neurons (51%). The number of pyknotic nuclei to visualize nuclear morphology. The number of cells was slightly higher in MEKK1-expressing neurons (65%).
with normal or pyknotic nuclei and with a punctate (norOn the other hand, significantly fewer of the neurons mal) or diffuse (redistributed) cytochrome c staining patinfected with either the BCL-2 or dominant-negative tern was determined. The punctate cytochrome c stainc-Jun adenoviruses had pyknotic nuclei ‫.)%02ف(‬ This ing pattern is consistent with localization of cytochrome confirms the results we previously obtained by microinc in the mitochondria, whereas the diffuse distribution jecting sympathetic neurons with expression vectors for is observed when cytochrome c has been released into FLAG⌬169 or BCL-2 (Ham et al., 1995) . the cytosol (Neame et al., 1998) . Figure 3A Figure 5C ). In BIM EL can promote apoptosis in neurons and does so contrast, NF-M mRNA levels did not increase after NGF by inducing cytochrome c release. withdrawal, and, while it appeared that there was some To determine whether the endogenous BIM protein is decrease, this decrease was not significant (p Ͼ 0.2 in five experiments). It is important to note that, in these required for NGF withdrawal-induced death, we de- signed antisense oligonucleotides that would hybridize oligonucleotides (AS2 and AS3) were mixed, and the corresponding missense oligonucleotides (MS2 and to nucleotides Ϫ39 to Ϫ18 (the 5Ј untranslated region) and Ϫ8 to ϩ13 (the translation initiation site) in the Bim MS3), which had the same base composition as AS2 and AS3 but scrambled sequences, were also mixed and mRNA and block BIM expression. The two antisense 
